The endoplasmic reticulum aminopeptidase ERAP1 regulates innate and adaptive immune responses by trimming peptides for presentation by MHC class I (MHC-I) molecules. Herein, we demonstrate that genetic or pharmacological inhibition of ERAP1 on human tumor cell lines perturbs their ability to engage several classes of inhibitory receptors by their specific ligands, including killer cell Ig-like receptors (KIR) by classical MHC-I-peptide (pMHC-I) complexes and the lectin-like receptor CD94-NKG2A by nonclassical pMHC-I complexes, in each case leading to natural killer (NK) cell killing. The protective effect of pMHC-I complexes could be restored in ERAP1-deficient settings by the addition of known high-affinity peptides, suggesting that ERAP1 was needed to positively modify the affinity of natural ligands. Notably, ERAP1 inhibition enhanced the ability of NK cells to kill freshly established human lymphoblastoid cell lines from autologous or allogeneic sources, thereby promoting NK cytotoxic activity against target cells that would not be expected because of KIR-KIR ligand matching. Overall, our results identify ERAP1 as a modifier to leverage immune functions that may improve the efficacy of NK cellbased approaches for cancer immunotherapy.
Introduction
Natural killer (NK) cells provide the first innate immune defense against infections and malignancies through direct recognition and killing of altered cells (1, 2) .
NK cell function is finely tuned by the interaction of activating and inhibitory receptors with their specific ligands expressed on target cells (3) . Activating receptors recognize ligands on stressed, infected (4, 5) , or transformed cells (6, 7) , whereas inhibitory receptors, represented by killer cell Ig-like receptors (KIR) and CD94-NKG2A in humans (8) (9) (10) and Ly49 in mice (11) , bind MHC-I molecules expressed on target cells (12) . Downregulation of ligands for inhibitory receptors ("missing self-recognition") and upregulation of ligands for activating receptors ("induced self-recognition") in both virally infected and transformed cells make these cells particularly vulnerable to NK cell killing.
NK cells undergo an educational process that ensures the selection of a functional self-tolerant NK cell repertoire during development. The acquisition of NK cell full function relies on the binding of MHC-I molecules to the specific inhibitory KIRs, a mechanism that is referred to as NK cell "licensing" or "education" (13) (14) (15) (16) .
Inhibitory receptors recognize specific groups of classical and nonclassical MHC-I alleles. In general, KIR2DL1 binds HLA-C alleles with lysine at position 80 (group 2 or C2); KIR2DL2 and KIR2DL3 bind HLA-C alleles with asparagine at position 80 (group 1 or C1); KIR3DL1 recognizes HLA-B and HLA-A alleles expressing Bw4 epitope; KIR3DL2 recognizes HLA-A Ã 03 and HLA-A Ã 11, whereas CD94-NKG2A receptor interacts with nonclassical MHC-Ib HLA-E molecule (9, 10, 17) .
KIRs recognize their ligands through the direct contact with MHC-I heavy-chain residue at position 80 (18, 19) and amino acid residues 7 and 8 of the bound peptide (20, 21) , whereas the CD94-NKG2A receptor interacts with amino acid residues 5, 6, and 8 of peptide bound to HLA-E molecules (22) . Residues at these positions have been shown to either promote or abrogate binding of inhibitory receptors (23, 24) . Because all inhibitory receptors tested so far exhibit selectivity for peptides bound to MHC-I molecules (25) , it is possible that modifications of peptides presented by MHC-I interfere with NK cell inhibition.
Molecules known as ERAAP in mice (26) and ERAP1 and ERAP2 in humans (27) (28) (29) are key components of the antigen trimming machinery in the endoplasmic reticulum (ER). We have recently shown that in mice, the abrogation of ERAAP induces a conformational change in the peptide-MHC-I (pMHC-I) complexes, resulting in the stimulation of both innate and adaptive immune responses and in the rejection of a murine lymphoma, which is otherwise refractory to immune elimination (30) . However, it is not known whether human ERAP1 inhibition might affect immune responses against tumors, and therefore represent a new tool to improve NK cell-based anticancer therapy protocols.
To address this issue, we stably reduced ERAP1 function in a panel of human cell lines either by genetic or pharmacological inhibition. We show that inhibition of ERAP1 renders DAOY cells susceptible to NK cell killing due to a poor recognition of pMHC-I complexes by KIRs (KIR2DL1, KIR2DL3, and KIR3DL1) and CD94-NKG2A receptor. Of note, inhibition of ERAP1 enhanced NK cell killing of lymphoblastoid cell lines (LCL) in both alloreactive and nonalloreactive settings, regardless of the presence of KIR-KIR ligand matching.
Materials and Methods

Cell lines and reagents
All human tumor cell lines were obtained from the ATCC and characterized every 6 months by HLA class I typing (Supplementary  Table S1 ). EBV-transformed LCLs were generated from healthy donors using standard procedures. RPMI-8866 cell line was kindly provided by A. Santoni (La Sapienza, University of Rome, Rome, Italy). All cells were maintained in RPMI-1640 medium supplemented with 10% FCS (Gibco), 300 mg/mL glutamine, 100 mg/mL penicillin, and 50 mg/mL streptomycin. For Leu-SH treatment, cells were cultured for 18 hours with 30 or 100 mmol/L/0.5 mmol/L Leu-SH/DTT (Sigma-Aldrich). Synthetic peptides used were from ProImmune (Supplementary Table S2 ).
Lentiviral infection
Lentiviral particles were generated in HEK293T cells by combining a pLKO.1 plasmid containing shRNA sequences, packaging plasmid pCMV-dR8.74, and envelope plasmid VSV-G/pMD2. G. Tumor cells were infected by the spin inoculation method with lentivirus containing a nontarget shRNA control vector (SHC002) or either of the ERAP1 shRNAs (clone ID: TRCN0000060539, TRCN0000060540, TRCN0000060541, and TRCN0000060542) targeting different sequences of human ERAP1 (Sigma-Aldrich).
HLA and KIR genotyping
Genomic DNA was extracted using the QIAamp DNA Blood Mini Kit (Qiagen). Low-and high-resolution typing for HLA-A, -B, and -C loci were performed by PCR sequence-specific oligonucleotides (PCR-SSO; Luminex) and PCR sequence-specific primers (PCR-SSP; Olerup), respectively. The KIR gene profiles were performed using the Olerup SSP KIR Genotyping Kit (GenoVision). Supplementary Tables S1, S3-S6 show the complete profiles of HLA class I and KIR loci.
KIR-binding assay
DAOY cells were stained with KIR-Fc fusion proteins KIR2DL1-Fc, KIR2DL3-Fc, and KIR3DL1-Fc (R&D Systems) for 1 hour at 4 C followed by phycoerythrin-conjugated goat F(ab') 2 anti-human IgG antibody (Molecular Probes), and then analyzed by flow cytometry.
Peptide loading on MHC class I molecules
The dissociation of preformed pMHC-I complexes and replacement of high-affinity peptides were performed as previously described (31) . Peptide-pulsed cells were stained with mAb W6/32 and analyzed by flow cytometry, or used as target cells for NK cell degranulation assay.
Human NK cell isolation
In some experiments, human NK cells were isolated from peripheral blood mononuclear cells (PBMC) cells) at 37 C for 10 to 13 days, as previously described (33) .
Cytotoxicity and degranulation assay NK cell cytotoxic activity and degranulation assay were performed by a standard 4-hour 51 Cr-release assay and flow cytometric analysis of cell-surface CD107a expression, respectively, as previously described (30) . Specific lysis was converted to lytic units (L.U.) calculated from the curve of the percentage lysis (34) . One lytic unit was defined as the number of NK cells required to produce 20% lysis of 10 6 target cells during the 4 hours of incubation.
Statistical analysis
Statistical significance was assessed by the two-tailed paired Student t test. Raw assay data were normalized as the fraction (percentage) of the highest values obtained for each assay. Normalized values were analyzed for correlation by the regression analysis using GraphPad software. P values not exceeding 0.05 were considered to be statistically significant.
Results
ERAP1 suppression by RNAi in human tumor cell lines
First, we tested four shRNA constructs targeting different regions of ERAP1 (abbreviated to shERAP1) in HeLa cells. The shERAP1 #42 construct that provided the highest RNAi efficiency and specificity, as determined by qPCR and Western blotting ( Supplementary Fig. S1 ), was selected and used in five human tumor cell lines: Raji, SK-N-SH, SK-MEL-93, MNT-1, and DAOY ( Fig. 1A ; Supplementary Table S1). Compared with control shRNA-transduced cells (abbreviated to shCTRL), ERAP1 expression was suppressed almost completely in four shERAP1-transduced tumor cells, Raji, SK-N-SH, SK-MEL-93, and DAOY, the only exception being represented by MNT-1, which showed a moderate suppression, as evaluated at protein level (Fig. 1A) . On the other hand, MHC-I surface expression moderately decreased in MNT-1-shERAP1 and DAOY-shERAP1 cells, whereas it increased in HeLa-shERAP1 cells, as compared with the relative controls (Fig. 1B) . No change in MHC-I expression was detectable in the other shERAP1 tumor cells, Raji, SK-N-SH, and SK-MEL-93.
NK cell stimulation with shERAP1-transduced human tumor cell lines The shERAP1 tumor cells were then assayed for the ability of inducing NK cell degranulation. Freshly isolated NK cells were cocultured with shERAP1 tumor cells at different ratios and CD107a expression on NK cell subset was determined by flow cytometric analysis. As expected, CD107a expression was The NK cell degranulation seen in response to DAOYshERAP1 was also significantly associated with enhanced NK cell killing as evaluated by 51 Cr release assay (Fig. 1E ). Conversely, phosphorylation of the SHP-1 substrate Vav-1, a signaling mediator of the NK cell-activation state, appeared not to be affected by ERAP1 inhibition (not shown). This could depend on the use of polyclonal NK cells with a great array of inhibitory and activating pathways involved in the interaction with MHC-I-expressing DAOY cells, instead of NK cell models overexpressing single KIRs (35) .
Thus among six human tumor cell lines, only DAOY-shERAP1 induces a fully functional activation of NK cells.
Two mechanisms may explain NK cell activation in response to DAOY-shERAP1. First, ERAP1 inhibition may cause an increased expression of ligands for activating NK cell receptors on DAOY cells. Second, ERAP1 inhibition may result in a conformational change of pMHC-I complexes, which impairs the engagement of inhibitory receptors. As shown in Fig. 2A , ERAP1 inhibition did not affect the expression of the known ligands for NK cellactivating receptors in DAOY cells, except for a slight downregulation of ULBP3.
Then, we evaluated the ability of NK cells to kill DAOYshERAP1 after the replacement of endogenous MHC-I peptides with a large excess of the high-affinity HLA class I-restricted I9W, T9I, and E9Y peptides (Supplementary Table S2 ). Although these peptides did not change MHC-I surface expression (Supplementary Fig. S3 ), they totally inhibited DAOY-shERAP1-induced NK cell degranulation ( Fig. 2B and C) . In contrast, the irrelevant S8L peptide neither changed MHC-I expression nor induced NK cell degranulation. The mean frequencies of CD107a þ cells obtained from 5 donors for unpulsed, I9W/T9I/E9Y-pulsed, and S8L-pulsed DAOY-shERAP1 were 20.74 AE 1.7, 12.26 AE 1.4, and 21.38 AE 1.9, respectively (Fig. 2C) . Therefore, NK cells kill DAOY-shERAP1 cells because of the impaired engagement of pMHC-I complexes with inhibitory NK cell receptors.
Analysis of NK cell responses to DAOY-shERAP1 cells
To evaluate whether inhibitory receptors are involved in NK cell activation in response to DAOY-shERAP1, we used three different approaches: (i) to evaluate the binding of KIR fusion proteins to DAOY-shCTRL and DAOY-shERAP1 cells, (ii) to investigate the aggregation of KIRs at the interface between NK cells and DAOY target cells (24, 35, 36) , (iii) to analyze CD107a expression in distinct NK cell subsets. We focused on three inhibitory receptors, KIR2DL1, KIR2DL3, and KIR3DL1, whose ligands are expressed in DAOY cells (Supplementary Table S1 ), and for which MHC-I engagements have been shown to depend on the repertoire of pMHC-I complexes (20, 21, 23, 25, 36) .
In the first approach, DAOY cells were stained with KIR-Fc fusion proteins KIR2DL1-Fc, KIR2DL3-Fc, and KIR3DL1-Fc and analyzed by flow cytometry. As compared with control cells, ERAP1 inhibition caused a significant reduction in the binding of KIR2DL3-Fc and KIR3DL1-Fc (0.56 AE 0.04 and 0.65 AE 0.08, respectively). No binding was seen for KIR2DL1-Fc (Fig. 3A and B) .
In the second and last approach, NK cells from individuals coexpressing all three inhibitory KIRs with their KIR ligands and devoid of activating KIRs, with the exception of KIR2DS4 (A/A genotype; Supplementary Tables S3 and S4) , were isolated and incubated with DAOY-shERAP1 and DAOY-shCTRL cells. Conjugates were stained for KIR2DL3 and analyzed by confocal microscopy. Images of the contact area showed that DAOYshERAP1 and DAOY-shCTRL cells induced the formation of differently structured synapses (Fig. 3C) . Silencing of ERAP1 resulted in a more diffuse clustering of KIR2DL3, as compared with control cells. The level of KIR2DL3 accumulation at the contact area between NK and DAOY-shERAP1 cells was significantly lower than that measured between NK and DAOY-shCTRL cells (1.50 AE 0.04 vs. 1.10 AE 0.03-fold, respectively; Fig. 3D ). Furthermore, the percentage of total conjugates with tight clustering of KIR2DL3 at the synapse area (fold increase>1.5) was lower with DAOY-shERAP1 cells than with DAOY-shCTRL cells (10 AE 1.5 vs. 55 AE 6, respectively; Fig. 3E ). Thus, consistently with enhanced NK cell killing, the accumulation of KIR2DL3 recruited to the immune synapse was reduced in response to DAOYshERAP1 as compared with DAOY-shCTRL.
In the last approach, NK cells cocultured with DAOY-shERAP1 cells or DAOY-shCTRL cells were stained with a panel of specific antibodies and analyzed by flow cytometry. The gating strategy used to evaluate the contribution of single inhibitory receptors is shown in Supplementary Fig. S4 . NK cell subsets expressing the single inhibitory KIRs [KIR2DL3 single positive (KIR2DL3sp), KIR2DL1sp, KIR3DL1sp], CD94-NKG2Asp-or CD94-NKG2A-negative and KIR-triple negatives (NKG2An and KIRtn) were all responsive to stimulation with DAOY-shCTRL cells (Fig. 4A and  B (Fig. 4B) . A significant difference was found also for a CD94-NKG2Asp subset (7.87 AE 0.9 vs. 16.82 AE 1.5, respectively; Fig. 4B ). Thus, ERAP1 inhibition results in increased NK cell-mediated killing due to an impaired engagement of both inhibitory KIRs and CD94-NKG2A receptor.
NK cell recognition of DAOY cells treated with leucinethiol
To investigate the effect of pharmacological inhibition of ERAP1 on NK cell killing, DAOY cells were treated with leucinethiol (Leu-SH), a potent inhibitor of aminopeptidases, including ERAP1 (37) , and then evaluated for their ability to induce NK cell degranulation.
Treatment with Leu-SH decreased ERAP1 activity of DAOY cells by 94% and MHC-I surface expression by 30% (Fig. 5A and B) as compared with control dithiothreitol (DTT)-treated cells, this inhibition being similar to that observed using shERAP1. Leu-SH treatment significantly enhanced degranulation, that is, CD107a expression of NK cells (Fig. 5C) . The average percentage of CD107a þ NK cells of 9 donors was 3.32 AE 2.6 for DTT treatment and 14.12 AE 2.9 for Leu-SH treatment (Fig. 5D ). It is noteworthy that Leu-SH treatment did not affect the expression of activating ligands in DAOY cells ( Supplementary Fig. S5 ), but caused a significant reduction in the binding of KIR2DL3-Fc and KIR3DL1-Fc ( Supplementary Fig. S6A (Fig. 5E ).
These results indicate that Leu-SH may function as a potent activator of NK cell immune response against cancer.
Leu-SH treatment affects NK cell recognition of autologous LCLs
To evaluate the potential effectiveness of ERAP1 inhibition for clinical applications, LCLs generated from 20 healthy donors were treated with Leu-SH. These cells were then evaluated for MHC-I surface expression and tested as target for NK cells isolated from the same subjects, that is, in the autologous setting. MHC-I surface expression decreased by up to 50% in samples 1 to 7, whereas it increased by up to 60% in samples 12 to 20; samples 8 to 11 showed minor changes not exceeding 10% ( Fig.  6A; Supplementary Table S5 ). Interestingly, HLA class I typing revealed that samples 1 to 7 were enriched for HLA-B7 supertype alleles (38) and/or for HLA-C alleles C Ã 06:02 and C Ã 07:02 (39, 40), compared with the other samples (Supplementary Table S5 and Supplementary Fig. S7 ). This finding may be relevant to the enzymatic specificity of ERAP1 and suggests that ERAP1 activity enhanced the generation of peptides that bind to these HLA class I alleles.
Next, NK cells obtained from the same donors were tested for their ability to kill Leu-SH-treated LCLs. As shown for each of the 18 LCLs tested, the mean value of NK cell killing was significantly higher for 11 Leu-SH-treated LCLs, which had reduced or unchanged MHC-I surface expression, compared with the control DTT-treated LCLs ( Fig. 6B; Supplementary Table S5 ). The mean of L.U. 20% was 5.36 versus 10.54 for DTT-versus Leu-SH-treated LCLs. Such differences were not seen for the 7 Leu-SH-treated LCLs that had enhanced MHC-I expression. The mean of L.U. 20% was 3.86 versus 3.63 for DTT-versus Leu-SH-treated LCLs. In the regression analysis of the whole dataset, including LCLs with enhanced, unchanged, and decreased MHC-I expression, the correlation between surface MHC-I and L.U. 20%, both evaluated as fold change of Leu-SH-treated/DTT-treated LCLs, was significant with an R 2 value of 0.23 (P < 0.05; Fig. 6C ). Altogether, these data indicate that: (i) Leu-SH treatment either downregulates or enhances MHC-I expression in LCLs; (ii) MHC-I downregulation occurs more frequently in cells with HLA-B alleles belonging to HLA-B7 supertype and/or HLA-C alleles C Ã 04:01, C Ã 06:02 and C Ã 07:02; and (iii) LCLs with reduced MHC-I expression are more susceptible to NK cell killing.
Leu-SH treatment affects NK cell recognition of allogeneic LCLs
Next, NK cells were tested for their ability to kill Leu-SH-treated LCLs in an allogeneic setting. NK cell alloreactivity is expected to take place when the inhibitory KIRs expressed on NK cells are not engaged by the HLA class I ligands expressed on the target cells because the inhibitory signal is not generated. On the basis of this C. The formed conjugates were fixed and stained with anti-KIR2DL3 (mAb GL-183). Representative example of confocal microscopy images of NK cells alone and conjugates between NK and DAOY-shCTRL or DAOY-shERAP1 cells. Phase contrast and nuclear staining (by Hoechst) were used to distinguish effector by target cells. Fluorescence intensity and plot profile on a scale from 0 to 4095 of mean fluorescence intensity, resulting from the intersection of vertical and horizontal axes of both contact and noncontact area on NK cell membrane observed in the central plane, were reported to evaluate inhibitory KIR accumulation in synapse area in respect to noncontact area. D, the fold increase in fluorescence intensity at the immune synapse area was calculated as a ratio of the mean fluorescence intensity of the entire conjugation area compared with the mean fluorescence intensity along the rest of the NK cell membrane for each conjugation. These values were both corrected for background fluorescence, as measured within an empty region of the image. Horizontal bars, average values. E, the percentage of conjugates showing a KIR2DL3 aggregation with a fold increase !1.5 at the interface between NK cells and target cells was depicted as the mean for cells from three donors tested in three independent experiments. D and E, a minimum of 20 conjugates was counted for each condition per experiment. P values were obtained by the two-tailed paired Student t test.
assumption, NK cells isolated from 15 donors were tested against allogeneic LCLs at various combinations. The KIR gene profile of the donors is shown in Supplementary Table S6 . As shown in Fig. 7 and Supplementary Table S7, the two groups of effector/ target pairs with alloreactive and nonalloreactive NK cells consist of 11 pairs. Assay data were presented separately for these two groups as the percentage of L.U. 20% of Leu-SH-treated/DTTtreated LCLs. Regardless of the presence or absence of alloreactive NK cells, remarkably variable levels of NK cell killing were found in both groups ( Fig. 7A; Supplementary Table S7 ).
Data were also shown as L.U. 20% relatively to either decreased or increased MHC-I expression (Fig. 7B) . NK cell cytotoxicity was significantly enhanced in Leu-SH-treated LCLs, which showed decreased MHC-I expression, as compared with the DTT-treated LCLs (P < 0.005). Such difference was not statistically significant for Leu-SH-treated LCLs, which showed increased MHC-I expression, as compared with the DTT-treated LCLs (Fig. 6B) .
Altogether, these data indicate that Leu-SH treatment enhances the susceptibility of LCLs to NK cell killing also in the allogeneic settings regardless of the involved KIR-KIR ligand matching.
Discussion
We demonstrate that the loss of ERAP1 function in human cell lines enhances their susceptibility to NK cell killing by perturbing recognition of pMHC-I complexes by inhibitory KIRs and CD94-NKG2A receptor. This depends on the pMHC-I repertoire, because replacement of endogenous peptides with known high-affinity peptides is sufficient to revert the susceptibility of DAOYshERAP1 cells to NK cell killing. To our knowledge, this is the first demonstration that ERAP1 plays a key role in generating functional ligands for human NK cell inhibitory receptors, and that its inhibition can be useful for improving NK cell-based cancer immunotherapy.
ERAP1 has been found to have a dual function in antigen processing, being able to generate (27, 41) , but also completely destroy MHC-I-bound peptides (42, 43) . ERAP1 inhibition is expected to increase or decrease the presentation of epitopes normally destroyed or generated by the enzyme. Consistent with this dual role, we found that ERAP1 inhibition differently affects MHC-I surface expression in human cell lines, being decreased, increased, or unchanged. It is possible that MHC-I alleles displaying unchanged surface expression levels could be 
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þ NK cells from the donor D (see Supplementary Table S3) insensitive to ERAP1 knockdown. In general, cells with decreased MHC-I levels were more susceptible to NK cell killing, as seen for DAOY and for LCLs tested with either autologous or allogeneic NK cells. Of note, these cells express HLA-class I alleles that bind preferentially peptides with a proline residue in position 2 (38) (39) (40) . These peptides have very low affinity for the transporter associated with antigen processing (TAP; ref. 44) , and enter into ER as NH 2 terminal-extended precursors that are trimmed before assembly with MHC-I molecules (26, 29, 37) . The MHC-I consensus motif with a proline at position 2 accounts for mouse L d and more than 33% and 36% of all known human HLA-B and HLA-C motifs in the Italian population (45) . Thus, one third of individuals carrying these HLA class I alleles will react with reduced surface expression upon ERAP1 inhibition.
In the absence of ERAP1, precursor peptides form unstable pMHC-I complexes, which are not sufficiently conformed to assure the interaction with NK cell inhibitory receptors, or T-cell receptors (30, 41) . Indeed, we have shown that NK cell activation is not due to a simple quantitative reduction in surface MHC-I expression, as pulsing with high-affinity trimmed peptides rescued the inhibitory activity of NK cells.
Altogether our findings suggest that pharmacologic inhibition of ERAP1 activity may have important therapeutic applications in cancer immunotherapy, being as efficient as the genetic downregulation of ERAP1 to induce NK cell-mediated immunity. In addition to the inhibitor Leu-SH, which has been successfully used to reproduce the effects of genetic ERAP1 suppression (30, 46) , a novel class of more potent ERAP1 inhibitors has been recently described (43) . These new compounds are effective in targeting in vitro ERAP1 inside the ER at the nmol/L level, and modulate cytotoxic T lymphocyte responses, suggesting their potential use for the pharmacologic manipulation of both NK cell and T-cell antitumor activity.
NK cell-based adoptive immunotherapy represents a fascinating approach for adjuvant treatment of many cancers. One of the most promising settings to test the adoptive infusion of allogeneic NK cells is hematopoietic stem cell transplantation (HSCT; ref. 47 ). In patients with leukemia undergoing haploidentical HSCT, the use of donors with alloreactive NK cells displaying antileukemia activity is associated with a lower risk of leukemia recurrence without increasing the risk of graft-versus-host disease (48) . The success of this approach is explained by the transplantation of donor-derived alloreactive NK cells, which persist in patients after haploidentical HSCT for years, contributing to the eradication of malignant cells (32) .
Currently, a wide variety of new drugs able to strengthen NK cell response are being tested in clinical trials (49) , but a toxic effect has been reported for some of them (50) . Here, we demonstrated that inhibition of ERAP1 renders LCLs more susceptible to killing by autologous and allogeneic NK cells, causing NK cell alloreactivity also in donor-recipient pairs where it is not expected because of KIR-KIR ligand matching. Development of small molecules targeting ERAP1 might provide an innovative tool to improve outcome of NK cell-based antitumor therapy protocols.
In summary, we have demonstrated that either pharmacologic or genetic inhibition of ERAP1 function could represent a novel tool for overcoming classical and nonclassical MHC-I-mediated inhibition of NK cell killing, leading to a more successful cancer immunotherapy.
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